Conformational studies of the O-specific polysaccharide of Shigella flexneri 5a and of four related synthetic pentasaccharide fragments using NMR and molecular modeling.
As part of a program for the development of synthetic vaccines against the pathogen Shigella flexneri, we used a combination of NMR and molecular modeling methods to study the conformations of the O-specific polysaccharide (O-SP) of S. flexneri 5a and of four related synthetic pentasaccharide fragments. The NMR study, based on the analysis of 1H and 13C chemical shifts, the evaluation of inter-residue distances, and the measurement of one- and three-bond heteronuclear coupling constants, showed that the conformation of one of the four pentasaccharides is similar to that of the native O-SP in solution. Interestingly, inhibition enzyme-linked immunosorbent assay demonstrated that a protective monoclonal antibody specific for S. flexneri 5a has a greater affinity for this pentasaccharide than for the others. We carried out a complete conformational search on the pentasaccharides using the CICADA algorithm interfaced with MM3 force field. We calculated Boltzmann-averaged inter-residue distances and 3JC,H coupling constants for the different conformational families and compared the results with NMR data for all pentasaccharides. Our experimental data are consistent with only one conformational family. We also used molecular modeling data to build models of the O-SP with the molecular builder program POLYS. The models that are in agreement with NMR data adopt right-handed 3-fold helical structures in which the branched glucosyl residue points outwards.